ABSTRACT We evaluated the ability of propranolol and dilitazem alone and in combination to enhance the recovery of left ventricular (LV) segmental function during 1 month of reperfusion after two temporary occlusions of the left anterior descending coronary artery (LAD) in conscious dogs instrumented with ultrasonic crystals for the measurement of regional net systolic wall thickening (NET). LV segments were classified according to their contractile function after 1 hr of LAD occlusion: class 1, greater than 67% of preocclusion (control) NET; class 2, 0% to 66.9%; class 3, less than 0% (paradoxical systolic wall thinning). Propranolol (1 mg/kg iv) or diltiazem (20 ,ug/kg/min) was given 65 min after LAD occlusion in dogs that had 2 (group 1) or 4 hr (group II) of LAD occlusion. Diltiazem plus propranolol (same doses) were given to another group of dogs that underwent 4 hr (but not 2) of LAD occlusion. Untreated control dogs received 25 ml of saline and underwent 2 or 4 hr of LAD occlusion. The NET of class 2 and 3 segments in group l control dogs increased significantly during 1 month of reperfusion, from 32 + 5% and -43 ± 6% to 66 + 9% and 26 + 9%, respectively (p < .05). Neither diltiazem nor propranolol enhanced the long-term recovery of these segments in group I dogs. However, diltiazem prevented further deterioration of contractile dysfunction observed in control dogs immediately after reperfusion in both segment classes. The NET of class 2 segments in group I1 control dogs after 4 weeks of reperfusion remained at levels observed during LAD occlusion: 30 + 4% to 37 + 12%. Class 3 NET increased from -33 + 5% to 12 ± 12% with 1 month of reperfusion, but these segments were essentially akinetic. Propranolol or diltiazem alone did not produce significant overall increases in NET, but diltiazem again prevented further declines in NET of class 2 and 3 segments during early reperfusion. However, the combination of diltiazem and propranolol significantly enhanced overall recovery of class 2 NET in group 1I dogs (44 ± 3% to 88 + 7%) and prevented the worsening of NET associated with early reperfusion. Compared with untreated dogs, propranolol plus diltiazem also significantly decreased the extent of histologic necrosis in class 2 and 3 segments as well as the macrohistochemically determined infarct size in group I1 dogs. Propranolol alone caused significant declines in heart rate and LV dP/dtmax; diltiazem alone lowered aortic pressure significantly; aortic pressure and LV dP/dt were lowered by combined propranolol and diltiazem. Thus we conclude that (I) diltiazem alone prevents further deterioration of LV segmental function early after reperfusion following 2 to 4 hr of occlusion, but neither diltiazem nor propranolol alone enhances segmental functional recovery, and (2) the combination of propranolol and diltiazem results in significantly improved recovery of systolic segmental function and a significant reduction in the extent of necrosis in moderately dysfunctional segments after 4 hr of temporary LAD occlusion followed by 1 month of reperfusion. These data demonstrate that combined therapy with diltiazem and propranolol together extends the "window" for preserving segmental ventricular function from 2 to 4 hr of temporary LAD occlusion in this experimental preparation.
THE EFFICACY of thrombolytic therapy and surgical methods for revascularizing ischemic myocardium during evolving myocardial infarction and growing interest in these techniques have raised several important questions regarding the salvage of myocardial tissue and preservation of contractile function. 1-Previously we4 and others' have demonstrated in conscious dogs that temporary, proximal occlusion of a major coronary artery for longer than 2 hr results in persistent impairment of segmental contractile function at sites of previous moderate and severe dysfunction. Accordingly, we tested the hypothesis that a carefully selected pharmacologic intervention may extend this 'iwindow of time," or the period of coronary occlusion after which reperfusion may still provide a beneficial influence by preserving segmental contractile function and reducing the extent of myocardial necrosis.
Many studies have suggested that several different ,3-adrenergic antagonists may limit ischemic injury.S low-channel calcium (Ca') antagonists have also been demonstrated to protect ischemic myocardium in some experimental preparations.'t} The potential mechanisms by which these drugs may exert their protective actions include (I) reduced myocardial energy demand, secondary to declines in heart rate or afterload10; (2) an increase in collateral blood flow to ischemic myocardium`and (3) direct protection from myocellular Ca> 2 overload'2 3 1-5 16 or catecholamineinduced myocyte damage.`In this study, the effects of a /3-adrenergic and a calcium-channel blocker were evaluated alone and in combination to assess their efficacy in protecting left ventricular segmental function during temporary coronary occlusion and reperfusion in awake, chronically instrumented dogs. We believed that /3-adrenergic antagonism with propranolol might prevent the reflex increase in heart rate and contractility caused by the reduction in peripheral vascular resistance with administration of a Ca 2 channel blocker. Diltiazem was chosen as the slow-channel calcium antagonist because it alters heart rate and blood pressure in a desirable manner in the intact animal'" and in man, '4 1 ' and it has been previously shown to exert beneficial effects in a variety of experimental preparations of myocardial ischemia. '1-13. 16 Data from our previous study, in which we compared the long-term recovery of regional myocardial function after 2 or 4 hr of coronary occlusion, were used for our control, saline-treated groups. 4 Materials and methods Surgical preparation. Mongrel dogs (22 to 30 kg) of either sex were anesthetized with sodium pentobarbital (30 mg/kg iv) and artificially ventilated with room air delivered by a Harvard respirator via a cuffed endotracheal tube. Under sterile conditions, a left thoracotomy was performed and the heart was suspended in a pericardial cradle. A Konigsberg pressure transducer was inserted in the left ventricular apex and polyethylene catheters were inserted into the left atrium and descending aorta for monitoring pressure was well as for injecting microspheres and collecting reference blood samples. A proximal segment of the left anterior descending coronary artery (LAD) was gently dissected away from the epicardium and an inflatable balloon occluder, described previously4' 18 was placed around the artery. Epicardial crystals attached to small (1 cm') dacron patches were sutured to the epicardial surface, and smaller endocardial crystals were inserted into the subendocardium obliquely so as not to disturb the intervening myocardium between the crystal pairs. Final placement of the endocardial crystals was guided by observing their radiofrequency signals, which were displayed on an oscilloscope, and the crystal wire was secured with a purse-string suture on the epicardial surface. All wires and catheters were tunneled between the scapulae and exteriorized through two small incisions at the base of the neck. The chest was closed in layers and any air in the thorax was evacuated by suction-drainage. Dogs were allowed to recover for at least I week before experimental study.
Study protocol. After a sufficient recovery period and acclimatization to a standing sling, dogs were studied awake and unsedated. Control measurements of aortic left ventricular (LV). and left atrial pressures. and a lead 11 electrocardiogram were recorded on an Electronics for Medicine (Model VR-12) physiologic recorder. The maximum rate of LV pressure development (peak LV dP/dt) was obtained by electronic differentiation of the LV pressure pulse. Left ventricular wall thickness measurements were recorded on a Hewlett-Packard eight-channel recorder interfaced with a Tektronix (Model 465) oscilloscope. Regional myocardial blood flow was measured with carbonized microspheres (9 to 15 gm diameter) labeled with 251, 46Sc, ' 3Sn. 55Sr, 95Nb. and 57Co, which were suspended in 0.05% polysorbate 80 (Tween-80) and agitated vigorously by vortexing just before each injection. One to 2 million microspheres were injected into the left atrium over 8 to 10 sec. Starting 10 sec before and continuing for 90 sec after microsphere injection. reference arterial blood was withdrawn from the carotid artery at a constant rate of 7.8 ml/Tmin with a Harvard infusion/withdrawal pump. The order of isotope administration was changed randomly. Dogs underwent two (group I.) or 4 hr (group 11) of proximal LAD occlusion produced by inflating the pneumatic balloon occluder around the LAD. Dogs were excluded from the study if (I) infusion of the occluder caused no change at any site at which wall thickness was measured or (2) large, spontaneous improvements in wall thickening in akinetic or dyskinetic segments occurred soon after LAD occlusion, suggesting unsuccessful or incomplete occlusion. Hemodynamic and wall thickness measurements were recorded at hourly intervals after LAD occlusion as well as 5. 30, 75, and 90 min after LAD occlusion; blood flow was measured either 2 (group 1) or 4 hr (group I1) after LAD occlusion. Sixty-five minutes after LAD occlusion and immediately after hemodynamic and wall thickness measurements were obtained, subgroups of dogs in groups I and 11 received saline (1.0 ml/kg), d.l-propranolol HCI (1 mg/kg, single iv bolus), or diltiazem HCI (20 ,gg/kg/min. infusion rate 0.19 to 0.38 mI/min). In group 11 animals, an additional subgroup of dogs received both propranolol and diltiazem at the same doses used when the agents were administered singly. Diltiazem was given as a constant infusion and continued until 2 hr after reperfusion. Propranolol-treated dogs that underwent 4 hr of LAD occlusion received an additional 0.5 mg/kg hr after reperfusion (4 hr after the initial dose). In group 1. 11 dogs CIRCULATIONreceived saline, nine received propranolol, and seven received diltiazem. In group II, 15 dogs received saline, nine received propranolol, 10 received diltiazem, and 1 1 received propranolol and diltiazem.
In our previous study,4 data from 13 group I and 14 group 11 dogs were described. In the present study, we report data from 11 group I and 15 group II saline-treated control dogs. One group I dog, whose wall thickening signals were of marginal quality before occlusion, was later omitted from data analyses. A second animal in this group was also omitted from subsequent data analyses because, after elimination of several segments due to poor signal quality (which was also done in the original study), this dog provided wall thickening data from only one LV site. Other hemodynamic and blood flow alterations in this animal led us to conclude that it had not been studied in a relaxed, unaroused state. Thus the blood flow data and one regional signal were also eliminated from this animal in the final data analyses. Data from an additional group II saline-treated control animal have been included in the present analyses. Because of the large numbers of regional segments involved in the analysis of regional systolic function in this study, the subtraction of two dogs and the addition of one dog in groups l and II, respectively, have had a trivial impact on the final mean values.
Ten minutes before the LAD occlusion was released and just after hemodynamic, wall thickness, and blood flow measurements were obtained, dogs were given an intravenous bolus injection of lidocaine (25 mg) followed by an infusion of 0.5 mg/min for 20 min (10 min each before and after coronary reperfusion) to minimize the risk of reperfusion-induced arrhythmias. Reflow was produced by deflating the balloon occluder. Thus dogs actually were subjected to 130 or 250 min of LAD occlusion; for simplicity, these periods of LAD occlusion will be referred to as "2 hr" and "4 hr," respectively.
If resistance to further inflation of the occluder at the end of the occlusive period was absent at this time, dogs were excluded from study for reasons similar to those cited above. Deflation of the balloon occluder was ensured by applying additional vacuum to the catheter, and coronary reperfusion was confirmed by dramatic upward shifts in LV wall thickness by hypokinetic or akinetic segments. 4 18-20 Hemodynamic and wall thickness recordings were obtained just before and 5 min after discontinuation of the lidocaine infusion and at 1 and 2 hr after reperfusion. Regional myocardial blood flow was measured at the latter time, after which dogs were returned to their quarters. Dogs were returned to the laboratory and studied at 24 hr and at weekly intervals for 4 weeks. Regional myocardial blood flow also was measured again at 4 weeks after reperfusion.
Autopsy procedure. At the conclusion of the study, dogs were given sodium heparin (5000 U iv) followed 5 min later by a lethal overdose of sodium pentobarbital. The hearts were excised quickly and rinsed under cold tap water. The balloon occluder around the LAD was examined and the patency of the coronary artey was determined by expelling heparinized blood or saline from a No. 7F polyethylene catheter positioned in the LAD proximal to the occlusion site and observing the anterograde run-off in the epicardial vessels of the distal LAD bed. Next, to determine the size of the occluded bed (or "anatomical risk region"), we mounted the heart on a perfusion apparatus similar to that described previously.4' 21 The aorta was cannulated and perfused with a warm solution of 0.5% (vol/vol) monastral blue dye (DuPont) in normal saline, and the LAD was cannulated and perfused simultaneously with a warm 1 % solution of phosphate-buffered triphenyltetrazolium chloride, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] both at a perfusion pressure of 100 to 120 mm Hg. Thus this method identified the area at risk as well as the extent of infarction therein.
After removal of the subendocardial crystals, the heart was sliced into five or six transverse sections. The epicardial crystals were left sutured to the myocardium so that crystal pairs could be identified later by color coding. The (table 1) , but caused little or no change in aortic pressure. Mean left atrial pressure also increased over the short-term with LAD occlusion in saline-and diltiazem-treated animals. LV dP/dt usually declined with LAD occlusion. In dogs that received saline or propranolol alone, this decline was significantly different from the preocclusion value. Figure 1 demonstrates the short-term hemodynamic effects of propranolol and diltiazem during LAD occlusion. Propranolol lowered heart rate and LV dP/dt. Diltiazem lowered aortic pressure significantly, which resulted in a 10 to 15 beat/min elevation in heart rate that was significantly higher than the value at 1 hr after occlusion. Diltiazem affected LV dP/dtmax and mean left atrial pressure trivially.
Heart rate was elevated significantly (141 + 5 beats/min) 24 hr after short-term LAD occlusion-reperfusion in saline-treated dogs, caused primarily by arrhythmias, which crested at 24 hr and were usually characterized as regular junctional or unifocal ventricular rhythms.
Aortic pressure returned to control levels in all groups by 1 week after reperfusion. Mean left atrial pressure also returned to control levels in propranolol- 418 and diltiazem-treated dogs by 1 week but remained significantly elevated in the control dogs until 3 weeks after reperfusion. Neither LV dP/dt nor the double product differed significantly from control values during early or late reperfusion. Group Figure 4 shows similar short-term changes in segmental function during LAD occlusion in a propranololand diltiazem-treated dog with 4 hr of temporary LAD occlusion but a lack of worsening of segmental function during reperfusion and the recovery of function in most segments with long-term reperfusion. control, p < .005). probably reflecting the lowered heart rate and inotropic state plus an elevation in wall tension (figure 7). Reperfusion caused a slight (5Yc to 7%) increase in EDWTh, which crested between 2 and 24 hr after reperfusion and returned to control values in the ensuing month.
LAD occlusion produced more consistent and dramatic declines in EDWTh in both class 2 and 3 segments in all treatment groups. One hour after LAD occlusion, EDWTh of class 2 and 3 segments in control dogs averaged 96.9 ± 1. 1 %and 93.0 + 0.9% of control, respectively. The EDWTh of segments in other treatment groups declined similarly; there were no significant differences in this variable between treatment groups. figure 8 , A. After 2 hr of LAD occlusion, endocardial blood flow to class 1 segments was reduced 34 + 6%, 35 ± 7%, and 17 -+-19% in saline-, propranolol-, and diltiazem-treated dogs, respectively (not statistically different from control). Blood flow to these segments increased variably 2 hr after reperfusion but did not exceed their respective control values significantly at this time or at 4 weeks.
Endocardial blood flow to moderately dysfunctional class 2 segments declined 49 + 18% below control levels in saline-treated control dogs after 2 occlusion. Epicardial flow declined approximately 19 ± 30% in these segments (not significantly different from control values). Both epicardial and endocardial blood flow to class 2 segments in propranolol-treated dogs underwent significant declines in flow (-53% and 46%, respectively) after LAD occlusion. After 2 hr of LAD occlusion, epicardial blood flow of class 2 segments in dogs that received diltiazem increased above control values, whereas endocardial blood flow declined 33 + 27%, reflecting perhaps a drug-induced increase in collateral blood flow to the subepicardial layer in these segments. Blood flow to these segments reached or exceeded control values 2 hr after coronary reperfusion in control and diltiazem-treated groups, but remained below control values in propranololtreated dogs. Blood flow to endocardial layers of class 2 segments after 4 weeks of reperfusion was depressed significantly in saline-and propranolol-treated dogs but not in dogs that received diltiazem. Blood flow to class 3 segments declined transmurally in all treatment groups after 2 hr of LAD occlusion. Early after reperfusion (2 hr), blood flow to these segments exceeded (not significantly) or returned to control values in saline-and diltiazem-treated dogs. After 2 hr of reperfusion, blood flow to these segments in propranolol-treated dogs remained below control levels. After 4 weeks of reperfusion, transmural blood flow to class 3 segments was depressed significantly in dogs that received saline and diltiazem; endocardial blood flow was significantly lower in the propranololtreated group at this time.
Blood flow in nonischemic LV myocardium changed trivially during short-term LAD occlusion and reperfusion in saline-treated or diltiazem-treated groups (not shown). Blood flow to ischemic myocardium in propranolol-treated dogs declined (significantly in the epicardial layers) during short-term LAD occlusion and reperfusion, probably secondary to lowered metabolic demands, since heart rate and LV dP/dt were lowered significantly by this drug.
The alterations in blood flow to myocardium displaying the greatest extent of transmural necrosis at 4 weeks (infarct center) were similar qualitatively but more severe than those in class 3 segments. Similar restorations or overshoots in blood flow early (2 hr) after reperfusion and later (4 2 0+09
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Values with different superscripts are significantly different from one another by one-way analysis of variance and Duncan's multiple range test.
( figure 8, B) . Class 1 segmental blood flow did not decline significantly after 4 hr of LAD occlusion, but epicardial blood flow was increased significantly above control values in the diltiazem-treated dogs throughout LAD occlusion as well as early and late after coronary reperfusion. Four hours after LAD occlusion, endocardial blood flow in class 2 segments had declined 45%, 25%, 28%, and 46% in saline-, propranolol-, diltiazem-, and propranolol plus diltiazem-treated groups, respectively. During early reperfusion, blood flow returned to or exceeded control levels in all but the propranolol-treated groups. After I month of reperfusion, endocardial blood flow was significantly lower compared with preocclusion levels only in the saline-control dogs.
Endocardial blood flow to severely dysfunctional class 3 segments declined significantly after 4 hr of LAD occlusion in all treatment groups (range -68 ± 9% in saline-treated dogs to -48 + 8% in propranolol-treated dogs). Blood flow returned to or exceeded control levels early after reperfusion. Transmural blood flow was depressed significantly 1 month later in saline-treated dogs.
Gross infarct size. There was no significant difference in the extent of infarction or in the size of the bed at risk between treatment groups in group I dogs (table 4). The ratio of infarcted to total left ventricle was significantly reduced in group IL dogs that received diltiazem, either alone or in combination with propranolol, compared with saline-treated control dogs. Comparisons between all animals in groups I and II (for effects of duration of occlusions) did not reveal significant differences in any variable relating to estimation of infarct size or area at risk.
Segmental necrosis. Postmortem inspection of hearts revealed a layer of fibrotic adhesions covering the epicardium, but epicardial crystals themselves caused Data expressed as percent necrosis (mean + SEM), with number of segments in which necrosis was quantified in parentheses.
For each class and level, values with different superscripts are significantly different from one another by one-way analysis of variance and Duncan's multiple range test. In some instances, the number of segments available for functional assessment and histologic estimate of the extent of necrosis were different because of loss of functional signal at some point in the course of the study or an unsatisfactory specimen for histologic analysis.
Epi, Mid, Endo = necrosis in epicardial, midwall, and endocardial layers; total = weighted transmural average. minimal additional necrosis. Endocardial crystals were surrounded by a thin rim (-0.5 mm thick) of fibrosis. The extent of histologic necrosis in group I and II dogs is shown in tables 5 and 6, respectively. No significant effects of occlusive interval were observed for class 1 segmental necrosis.
Signifcant differences between group I and II dogs were observed in class 2 segments only in diltiazemand propranolol-treated dogs. In group I dogs no differences between treatment groups existed; however, in group II dogs, the extent of class 2 segmental necrosis in epicardial and endocardial layers, as well as "total" transmural necrosis, was significantly lower in dogs that received propranolol plus diltiazem, compared with saline-and propranolol-treated control animals. Propranolol alone and diltiazem alone also significantly reduced the extent of necrosis in selected tissues.
No significant effect of occlusive interval on extent of class 3 segmental necrosis was observed, although a tendency toward greater epicardial necrosis (p < .06) was present in the group II dogs. In group I dogs significantly less necrosis in the epicardium and midwall layers and in total segments was found in diltiazem-vs saline-treated dogs. In group II dogs there was significantly less necrosis in the epicardial, midwall, and endocardial layers as well as less "total necrosis" of class 3 segments in dogs that received propranolol plus diltiazem compared with the other animals. Pro pranolol and diltiazem alone also reduced necrosis in the epicardium of class 3 segments.
Discussion
We have previously shown that in the conscious dog severely dysfunctional (class 3) LV segments have a limited capacity for physiologically important recovery of contractile function, whereas moderately dysfunctional (class 2) segments retain contractile reserve and a potential for recovery of NET with reperfusion after 2 hr of coronary arterial occlusion. Approximately one quarter of all dogs that died before completion of the 1 month study did so of ventricular fibrillation (six dogs) or cardiogenic shock (one dog), occurring in all instances except one within the first hour after LAD occlusion. Thus these deaths bear no relationship to drug treatment or lack thereof. Another 59% of the dogs dying prematurely died between 24 hr and 3 weeks. These dogs were divided evenly between five of the treatment groups. The major beneficial drug effect in this study was evident in the group II dogs that received propranolol plus diltiazem and diltiazem alone. One dog that received propranolol plus diltiazem died prematurely and three of the five group II diltiazem-treated dogs died during the shortterm study (two of these before the drug was to be given). Thus within the two treatment groups that displayed the greatest overall recovery of LV segmental function and the least amount of gross or histologic (segmental) necrosis, only three dogs died between 24 hr and 3 weeks after reperfusion (compared with 21 survivors in these two groups). Therefore it is unlikely that the beneficial effects of propranolol plus diltiazem were enhanced by elimination of data from nonsurvivors, who might have had larger infarcts and less recovery of contractile function. In the treatment group to which these two were compared (group 11, salinetreated), only one late death (of three) occurred. The other two occurred within the first hour after occlusion or reperfusion. Thus, although we cannot discount the rate of a selection phenomenon in the results of this study, we are unable to identify any protocol or animal survival differences that might explain the data.
The mechanism(s) by which propranolol plus diltiazem produced these beneficial effects is not known. Propranolol alone, by reducing heart rate and contractility -two important determinants of myocardial oxygen consumption would be expected to protect ischemic myocardium; however, it also increased mean left atrial pressure, reflecting increased LV filling pressure and wall tension, which would tend to oppose its beneficial effects. In Measuring wall thickening as an index of LV segmental function is potentially subject to spurious increases in this variable due to translational or rotational ("shear") movements of the LV wall. However, using a triangulation technique for studying segmental wall thickness, Osakada et al. 20 have shown that careful placement of the endocardial crystal minimizes the contribution of these factors to segmental wall thickness measurements. In this study, we removed endocardial crystals before the heart was sliced, precluding confirmation of the crystal pairs' exact alignment. It is likely that some segments were not aligned exactly parallel to the small axis of the heart. However, because we related changes in segmental wall thickening to each segment's preocclusion function, it was more critical that the crystals remained in their original positions. Therefore we excluded crystal pairs with poor signal quality, those that did not display normal, uninterrupted systolic wall thickening before LAD occlusion, and those that underwent large, spontaneous changes in EDWTh after the initial 24 hr of reperfusion, suggesting that misalignment of crystal pairs had occurred.
LAD occlusion caused prompt and significant declines Measurements of segmental histologic necrosis, infarct size, and area at risk revealed that increasing segmental contractile dysfunction was associated with increased histologic necrosis. Also, increasing the duration of LAD occlusion from 2 to 4 hr resulted in significantly greater transmural necrosis in class 2 segments in the epicardial and midwall layers. Comparable infarct sizes were found between saline-treated groups I and IL, regardless of whether this variable was expressed as a percentage of the entire left ventricle or anatomic area at risk. The average areas at risk were not significantly different between any of the seven groups of dogs. The tendency toward larger area at risk in dogs that received propranolol plus diltiazem would, if anything, increase the extent of infarction in this group, since Lowe et al. 42 and Jugdutt et al. 43 have shown that the extent of ischemic injury is related to the size of the occluded coronary bed. Diltiazem alone in class 3 segments in group I dogs and in group IL dogs in combination with propranolol significantly reduced the extent of histologic necrosis in class 2 and 3 segments. Thus the beneficial effects of pharmacologic intervention seem to be attributable at least in part to salvage of myocardium from ultimate necrosis.
In summary, administration of the Ca2+ entry blocker diltiazem 1 hr after LAD occlusion prevents the worsening of segmental contractile dysfunction early after coronary reperfusion following 2 or 4 hr of LAD occlusion, but it does not significantly enhance the ultimate segmental recovery of contractile function. The combined administration of propranolol and diltiazem improves segmental contractile function during early and later reperfusion and decreases the extent of histologic necrosis in moderately and severely dysfunctional LV segments in dogs with temporary LAD occlusion for 4 hr followed by 1 month of reperfusion. Thus the combination of selected f3-adrenergic and Ca2+ entry blocking agents can lengthen the "window of time" of short-term coronary occlusion after which important recovery of contractile function occurs with reperfusion in this experimental preparation.
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